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Aim: To investigate histological and biomechanical changes in 
the knee joint cartilage of type IX collagen-deficient mice that pre- 
maturely develop osteoarthritis. 
Methods: Knee joints were harvested from 6 month-old mice ho- 
mozygous for C019al (-/-) and their wild-type littermates (+/+). 
The compressive mechanical properties of lateral tibial cartilage 
were determined using a micro-indentation test. The tensile mod- 
ulus of medial femoral condylar cartilage was measured using an 
osmotic loading technique. Histological features of both femoral 
and tibial cartilage surfaces were evaluated using a modified 
Mankin's score. Statistical analysis was performed to determine 
any difference between wild-type and knockout cartilage for the 
following parameters: compressive and tensile (osmotic loading) 
moduli, permeability, histological score and thickness. 
Results: Histological scores were higher at sites on the medial 
tibial plateau of C019al knockout joints at 6 months of age, with 
little evidence of significant differences in histological appearance 
or thickness between wild-type and knockout at other sites (Ta- 
ble 1). Nevertheless, the compressive modulus of lateral tibial 
plateau cartilage was ~30% lower, and hydraulic permeability 
~50% higher, in cartilage of the C019al knockout mice than in 
the wild-type mice (Fig. 1 ). Uniaxial moduli were also significantly 
lower for medial femoral condylar cartilage of the C019al knock- 
out mice (p<0.05). 
Table 1. Histological grades and thickness measurements ofmouse knee 
joint cartilage. L=lateral, M=medial 
Mouse Thickness (mm) Histological Grades 
Tibia Wild-type (n=6) 82±9(L) 67±12(M) 1.7±1.5(L) 2.0±1.8(M)~: 
Knockout (n=8) 82±11(L) 53±19(M) 2.4±1.9(L) 4.9±5.5(M)t 
Femur Wild-type (n=11) 36±8 (M) 2.5±1.5 (M) 
Knockout (n=9) 45±14 (M)* 3.2±2.0 (M) 
All values are mean±s.d. ~:p=0.17 compared to knockout, tp=0.12 compared 
to lateral. *p<0.1 compared to wild-type. 
Conclusion: Deletion of type IX collagen resulted in OA-like de- 
generative changes at the medial tibial plateau cartilage of joints 
from the type IX collagen-deficient mice at 6 months of age. Car- 
tilage at adjacent and opposing sites demonstrated significant 
changes in biomechanical properties, including a loss of tensile 
and compressive moduli, and increased hydraulic permeability. 
All of these changes are hallmarks of altered mechanical func- 
tion in human osteoarthritic artilage. These findings suggest that 
the type IX collagen deficiency contributes to a functional loss in 
joint cartilage, even at sites that do not demonstrate obvious and 
gross changes in morphological appearance. 
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Introduction: Cartilage degeneration is characterized by loss of 
proteoglycans and damage to the collagen network. The limited 
intrinsic repair capacity of cartilage can be attributed to the poor 
repair of the collagen network, since proteoglycan depletion is 
often reversible. The effect of growth factors on proteoglycan pro- 
duction by chondrocytes has been studied quite extensively. The 
current study focuses on the effects of growth factors on the pro- 
duction and crosslinking of cartilage collagen and the mechanical 
properties of the newly formed matrix. 
Methods: Bovine articular chondrocytes were cultured in alginate 
beads for 3 weeks with or without 25 ng/ml FGF2, TGFI~2 or IGF1 
(in 10% FCS). Proteoglycan content (colorimetric), total collagen 
content (HPLC) and hydroxylysylpyridinoline crosslinking (HP, by 
HPLC) were measured, together with overall MMP activity in the 
culture medium (fluorogenic substrate). Real-time PCR was per- 
formed for type II collagen (COL2), aggrecan (AGCN), MMP-1, 
Lysyl Oxidase (LOX) and Telopeptide Lysyl Hydroxylase (TLH). 
For mechanical testing, alginate constructs were cultured for 5 
weeks and used to determine the equilibrium modulus and de 
secant modulus by unconfined compression. 
Results: On protein level, IGF increased both collagen and pro- 
teoglycan deposition. FGF decreased collagen deposition with no 
change in proteoglycans. TGFI~ initially (day 11) decreased pro- 
teoglycan deposition with no change in collagen deposition but 
showed decreased collagen and unaffected proteoglycans levels 
at day 20. A significant decrease in HP crosslinks is observed 
in the matrix produced by chondrocytes cultured in the presence 
of TGFI~ compared to untreated control. IGF and FGF had no 
influence on the number of crosslinks. Overall MMP-activity was 
significantly higher in the culture medium of the cells cultured with 
FGE TGFI~ and IGF had no effect on MMP-activity. 
On gene expression level, FGF downregulated COL2, LOX and 
TLH expression. No effect was seen on MMP and AGCN expres- 
sion. COL2, AGCN and MMP-1 expression were decreased in 
cultures with TGFI~. Unexpectedly (since crosslink levels were 
descreased) TLH expression was slightly increased and LOX 
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Abstract P203 - Fig. 1. Mechanical properties of (a) medial femoral condyle and (b, c) lateral tibial plateau cartilage are compromised by 6 months of age in the 
Co/9al knockout model. Values for the (a) uniaxial and (c) compressive moduli were decreased by -~30-50% while the (b) hydraulic permeability was increased 
by -~40%. All findings were significant at p < 0.05. 
